INTRODUCTION
============

The sequencing of the first metazoan genomes revealed the existence of numerous previously unidentified genes. Until the discovery of dsRNA-mediated interference (RNAi), the functional analysis of these genes seemed a daunting challenge. Now, using RNAi, the mRNA of any gene specified by sequence can be targeted for destruction, leading to depletion of the corresponding protein ([@b1]). Genomic sequence information can therefore be used to design RNAi libraries that induce a partial loss of function phenotype for every gene in the genome. Significantly, screens of this type can be carried out in a matter of weeks in a variety of organisms and systems---many of which were previously refractory to loss-of-function genetics. This approach was pioneered in *Caenorhabditis elegans*, where a number of genome-scale screens have been carried out ([@b2]--[@b5]). Since then, high-throughput RNAi screens have proved particularly successful in *Drosophila* cell culture, where protein knock-down can be induced by the addition of long dsRNAs to the culture medium. The ease and speed of RNAi screens in *Drosophila* cell culture and the relatively low level of redundancy in the *Drosophila* genome ([@b6]) have induced many researchers to turn to this simple system to identify genes controlling fundamental cell biological processes. As a result, there has been a year-upon-year increase in the number studies using RNAi in *Drosophila* cell culture ([Figure 1](#fig1){ref-type="fig"})---a trend that appears likely to continue as dsRNA libraries and screening platforms become more widely available.

This flood of functional data from diverse assays brings with it new challenges, which FLIGHT has been specifically designed to meet. First, because RNAi can result in sequence-specific off-target effects, it is important to record the dsRNA sequences used in each RNAi experiment. Thus, where possible, FLIGHT links dsRNA sequences and RNAi experiments. Second, although classical genetic screens rarely reach saturation, RNAi screens can generate comprehensive and relatively unbiased phenotypic datasets, which contain useful functional information about every gene targeted. Consequently, FLIGHT endeavours to capture the full details of all genes tested in screens, so that it is easy to access and analyse data that passes without comment during publication. Third, the majority of results from RNAi screens usually remain unverified, so that data are likely to contain many false positives and false negatives. In order to make confident inferences about gene function based on data from RNAi screens, it is therefore important to be able to combine data from multiple screens, and to integrate it with sequence, gene expression and protein interaction data. FLIGHT provides biologists with tools to facilitate this type of analysis.

To encourage more groups to design and carry out their own RNAi screens in *Drosophila* cell culture, FLIGHT also gives users access to normalized microarray expression data for many of the *Drosophila* cell lines commonly used in RNAi screens, along with information about the origin and maintenance of those cell lines. This, together with a repository of RNAi protocols and dsRNA primer sequences should facilitate the design of novel RNAi experiments. Finally, protein homology datasets have been included to facilitate the comparison of functional data across species.

THE DATABASE
============

User interface
--------------

Within FLIGHT ([www.flight.licr.org](www.flight.licr.org)) users can browse through lists of RNAi hits, protocols and *Drosophila* cell lines. Alternatively, they can use text or sequence-based searches to navigate within the database. A user may wish to begin their search with a single gene of interest to identify the corresponding RNAi phenotypes or microarray expression pattern. FLIGHT contains gene identifiers from FlyBase ([@b7]), WormBase ([@b8]), SGD ([@b9]), MGD ([@b10]) and Genew ([@b11]), along with protein data from UniProt ([@b12]). This enables users to search for genes from man, mouse, yeast or worm as well as fly. If a search is initiated using a non-fly gene, lists of putative *Drosophila* orthologues will be returned from the three different homology datasets contained in the database: HomoloGene ([@b13]), InParanoid ([@b14]) and in-house reciprocal best hit BLAST data. Once a particular *Drosophila* gene has been selected, the user is directed to the FLIGHT entry for that gene. By default, this will provide users with a summary of available RNAi and microarray expression data. By navigating down from the RNAi summary data, users can then access information about the paper from which these data were derived, the RNAi assay used, primary phenotypic data, together with details of the annotated RNAi phenotype. For microarray data, users can similarly navigate down from the initial summary to view the expression of their gene of interest across conditions in selected microarray experiments. Normalized Affymetrix expression data are plotted graphically on a customisable chart, which allows users to alter the conditions that are displayed. Each data point is given a score (present, marginal or absent) as an indication of its reliability, which is represented by different coloured points on the on the gene expression profile. From the primary gene entry page, users can also quickly access Gene Ontology ([@b15]), InterPro ([@b16]), homology and protein interaction information. In addition, to help researchers quickly design new RNAi experiments in *Drosophila* cell culture, FLIGHT links each gene to a corresponding set of dsRNA primer sequences taken from the literature and from two commercially available RNAi libraries; the first designed by Cenix for Ambion, the second developed by UCSF and distributed by Open Biosystems.

Batch searches
--------------

FLIGHT has been designed to allow users to analyse the results of high-throughput experiments in the context of other large-scale datasets. Thus, searches can be carried out using lists of genes, and gene lists generated with the database can be saved and combined. In addition, gene lists from non-fly species can be converted into a *Drosophila* gene list using any of the homology datasets described above. Lists of *Drosophila* genes can then be subjected to a variety of batch searches using the 'Link' function. Linking enables users to cross-reference datasets. For example, a user interested in Rho GTPases could start by searching the database with a relevant InterPro motif (e.g. IPR003578) to call up a list of *Drosophila* Rho GTPases ([Figure 2A](#fig2){ref-type="fig"}). Using the 'Link' function the user can then view which of the GTPases have been identified as hits in published RNAi screens ([Figure 2A](#fig2){ref-type="fig"}). In addition, for each gene in the family users can view the pattern of gene expression across a variety of *Drosophila* cells lines ([Figure 2D](#fig2){ref-type="fig"}), examine the full set of known physical and genetic interactors ([Figure 2E](#fig2){ref-type="fig"}), and obtain a list of the corresponding set of previously identified mutations in flies.

Phenotype annotation and clustering
-----------------------------------

In recent years, phenotypic clustering has proved useful within individual RNAi screens in *C.elegans* ([@b5],[@b17]). One of the primary goals of FLIGHT is to use a similar principle to facilitate the comparison of data from multiple RNAi screens. Consequently, a Java-based PHenotype Annotation Tool (PHAT) and a Java application for clustering and visualization of phenotypic data (Shuffle) have been developed to compliment FLIGHT. PHAT has been designed to annotate RNAi screen hits using one or more annotation terms from a controlled vocabulary. For each relevant term, phenotypes are scored, relative to wild-type, on a scale from −3 to +3. This creates a quantitative phenotypic profile for each gene across different annotation terms, which can be used for hierarchical clustering within Shuffle. When clustering genes using Shuffle, users can apply a range of standard distance measures and tree-construction algorithms across one or more RNAi screens. Shuffle then generates an interactive, colour-coded dendrogram depicting the clustering results ([Figure 2B](#fig2){ref-type="fig"}). As genes with similar RNAi phenotypes tend to be functionally related ([@b18]), clusters of genes generated using these phenotypic profiles are likely to represent functional groups ([Figure 2B](#fig2){ref-type="fig"}). Users can extend their analysis by searching FLIGHT using gene lists generated within Shuffle. The availability of this tool on the website also makes it possible for users to continuously refine their analysis of published data as more becomes available.

Shuffle has also been used to estimate the correlation between the phenotypic profiles of all possible gene pairs within the database. The resulting correlation matrix is employed in the website function 'Find Similar Phenotypes' to enable users to search quickly for genes that are functionally related to their specific genes of interest.

Designing novel RNAi screens
----------------------------

As reagents, such as libraries of dsRNAs, become more widely available, RNAi screening will be limited primarily by assay development. The power, simplicity and scalability of the technique mean that it is applicable to a wide range of cell biological problems. With this in mind, FLIGHT has been designed to facilitate the design of new RNAi experiments. The website provides information about the origin, morphology and gene expression of many key *Drosophila* cell lines, allowing researchers to assess the suitability of particular cell lines for their chosen assay. FLIGHT also provides a repository of pre-designed dsRNA primer sequences, as well as links to the E-RNAi dsRNA primer design tool and its associated dsRNA library ([@b19]). Finally, authors are also encouraged to submit the results of their RNAi screens to FLIGHT. This will both facilitate analysis and help communicate their results to the wider community.

Current contents
----------------

FLIGHT is continually updated but currently includes a total of 3357 RNAi hits from 22 screens in *Drosophila melanogaster*. It contains normalized Affymetrix microarray expression information for six of the principal fly cell lines used in RNAi screens (S2, S2c, S2R+, Kc, BG2 and UC88), and details of over 42 000 pre-designed *Drosophila* dsRNA primer sequences. Finally, FLIGHT includes 44 187 protein interactions from high-throughput studies in *Drosophila* ([@b20]--[@b22]) and yeast ([@b23]--[@b26]), along with genetic interactions from FlyBase ([@b7]).

Discussion and future prospects
-------------------------------

FLIGHT is designed to meet the increasing need to manage, navigate and cross-correlate data from the rapidly increasing number of RNAi screens. In addition, FLIGHT is designed to facilitate the cross-referencing of results from large-scale RNAi screens with data from yeast two-hybrid and microarray expression studies. The website provides interactive tools for annotating and clustering phenotypic data, and contains data designed to help users design, carry out and analyse their own RNAi screens.

Although the focus of the database is *Drosophila*, several large-scale RNAi screens have also been carried out in *C.elegans* ([@b2]--[@b5]) and the first human siRNA screens are beginning to be published ([@b27],[@b28]). In the coming months, these datasets will be incorporated into the database, along with data from knock-out experiments in yeast. This data will be mapped via protein homology to putative fly orthologues. Finally, additional microarray expression data will shortly be added to the website. In the future, more complete integration of phenotypic, expression and protein interaction data should provide novel insights into the topology of networks that control different aspects of cell behaviour across cell types and across species.
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![A chart to show the year-upon-year increase in *Drosophila* RNAi studies. The lower (light grey) area of the chart was generated by searching PubMed for published articles that include the keywords 'Drosophila' and 'RNAi' or 'RNA-interference' in the title or abstract. The upper (dark grey) area denotes the number of large-scale *Drosophila* RNAi screens currently included in FLIGHT.](gkj038f1){#fig1}

![Examples of ways to use FLIGHT and Shuffle. (**A**) To identify the full set of RhoGTPases in *Drosophila*, a list was generated using a text search with the InterPro motif 'IPR003578'. By clicking the 'Link' button on the left hand menu (small white arrow) users can perform a range of further searches using this gene list. The table on the right hand side illustrates the output seen following a 'Link' search for hits in selected RNAi screens using this gene list. (**B**) Panel shows a screen shot from Shuffle in which a cluster of related RNAi phenotypes has been highlighted by selecting one node of the tree. (**C**) Within FLIGHT detailed phenotypic data can be retrieved by linking to individual gene records. Screen images of morphological phenotypes for two Rho GTPases are shown along with an appropriate control. (Reprinted from Current Biology, Vol. 13, Kunda *et al*., pp. 1867--1875, 2003, with permission from Elsevier.) (**D**) Using the 'Link' function, the normalized expression of each gene in a list can be graphically displayed. This enables the expression profiles of different genes to be compared across a panel of *Drosophila* cell lines. (**E**) Genetic interactions (bold lines) and protein interactions (dashed lines) from publicly available datasets can be graphically displayed for a set of genes from a list (nodes).](gkj038f2){#fig2}
